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PREFACE 


This study is a continuation of a program undertaken by Wharton Econo- 
metric Forecasting Associates on behalf of the Transportation Systems Center 
of the Department of Transportation. This research has provided technical 
information for rule-making support of the Automobile Fuel Economy Regulation 
program. The authors would like to acknowledge the help provided by other 
members of the Wharton staff, and the advice and critical comments of the TSC 
technical monitors Ron Mauri and Stewart Butler. 
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1. INTRODUCTION 
1.1 BACKGROUND 


This study, a continuation of a program undertaken by Wharton Econo- 
metric Forecasting Associates (WEFA) on behalf of the Transportation Systems 
Center (TSC) of the Department of Transportation (DOT), has provided technical 
information for rule-making support of the Automobile Fuel Economy Regulation 
(AFER) program. 


Wharton's research program began with the development of the Automobile 
Demand Modett/, extensively used for forecasting and policy analysis during 
1977, and for examining a wide range of alternative issues and scenarios. The 
Wharton Motor Vehicle Demand Model (Mark 1)2/ was a revised, re-estimated and 
improved version of the original. This report documents the results, to date, 
of the development of the Mark II version of the model. 


1.2 RESEARCH OBJECTIVES 


The objective of this phase of the research was to extend the model 
to incorporate projections of the demand for light duty trucks (LDTs). The 
LDT analysis is integrated with the automobile demand analysis in a consistent 
manner. The model permits the assessment of the joint impacts of changes in 


1 George R. Schink and Colin J. Loxley, An Analysis of the Automobile Market: 
Modeling the Long-Run Determinants of the Demand for Automobiles, DOT-TSC- 

NH TSA- 79249. final report to the Department of Transportation, Transportation 
Systems Center, December 1979. 

2/ colin Loxley, Tim Osiecki, Kate Rodenrys, and Sheela Thanawala, Revisions 
to the Wharton EFA Automobile Demand Model: The Wharton EFA Motor Vehicle 


Demand Model (Mark I), DOT-TSC-NHTSA-80-23, final report to the Department of 
ransportation, Transportation Systems Center, June 1980. 
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government policies on both cars and trucks. It also permits an assessment of 
the economic environment for the purposes of forecasting and scenario analysis 
with respect to the AFER program. 


1.3 REPORT OUTLINE 


Section 2, Model Outline, presents the overall structure and philosophy 
of the model in order to provide a broad, non-technical overview of the research. 
The detailed discussion of the model equations grouped by type of variable is 
contained in Section 3. The results of a preliminary forecast with the new mod- 
el are presented in Section 4. Simulation and multiplier results are discussed 
in Section 5. Appendix A contains details of LDT classification by type and by 
nameplate; Appendix B includes detailed forecast tables; and Appendix C includes 
the simulation analysis tables. 


2. MODEL OUTLINE 


2.1 STRUCTURAL TAXONOMY 


In the Mark II version of the Motor Vehicle Demand Model, the market 
is analyzed as the sum of (1) personal vehicles--comprising automobiles plus 
personal-use LDTs, and (2) commercial-use LDTs. The personal vehicles group 
is then divided into its two components. The disaggregation of automobiles 
into eight classes is maintained from the Mark I version. Figure 2-1 illus- 
trates the structural taxonomy. 


All LDTs under 10,000 Ibs GVW are categorized as either personal-use 
or commercial-use vehicles. The specific classification scheme by nameplate 
is shown in Appendix A. In general terms, personal-use LDTs are the lighter 
vans and pickups, as well as all sport utility vehicles. This classification 
was determined primarily by the ready availability of both cross-sectional and 
time-series data. The remaining LDTs are considered commercial-use. This clas- 
sification is not necessarily the ideal scheme and should be considered subject 
to revision. 


2.2 OVERVIEW OF APPROACH 


In the cross-sectional analysis using 1976 state data, relationships 
were estimated for the desired stock of all personal vehicles, the desired 
stock of automobiles, and the desired stock of commercial-use LDTs. The state 
data comprised estimates of the stock of vehicles in operation of each type, 
numerous demographic and economic variables, and estimates of prices, costs of 
Operation, and taxes. 


With the long-run equilibrium desired stock relationships established, 
the "realized" values, new registrations, scrappage, and, hence, actual stocks, 
are determined by the "gap" between the desired and actual stocks, and tran- 
sitory income and cost fluctuations, using annual time-series data over the 
period 1958-76. The general approach parallels that utilized in the original 
Automobile Demand Model. 
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FIGURE 2-1. MOTOR VEHICLE DEMAND ANALYSIS 
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3. ESTIMATION RESULTS 


3.1 DESIRED STOCKS 


The Mark II also utilizes cross-sectional estimation of vehicles in 
operation equations to capture long-run relationships, as did the Mark I. The 
estimation of automobiles by class is unchanged from the Mark I version. The 
key relationships reported here, based upon the wholly new 1976 cross-sectional 
data, are therefore (1) the desired stock of personal vehicles, (2) the desired 
stock of automobiles, and (3) the desired stock of commercial-use LDTs. 


To 


b. 


summarize the major findings: 


The personal vehicles and the automobile relationships are 
found to be strongly linked to the same determinants: real 
permanent disposable income (+), income distribution (-), 
real capitalized cost per mile (-), and the degree of sub- 
urbanization (+). 


The impacts of each variable on stocks of total personal 
vehicles and on automobiles are of the same sign and order 
of magnitude. 


The stock of commercial LDTs was found to be affected by 
a very different set of determinants: the proportion of 
income earned in agriculture, construction, wholesale and 
retail trade, and services (+), relative to real capital- 
ized cost per mile (-), the rural proportion of road 
mileage (+), the degree of suburbanization (-), and the 
proportion of population over 65 (-). 
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The statistical results are presented in Table 3-1. The equations 
presented there are those currently used in the model. Many variations were 
experimented with, such as estimating total cars and all LDTs, total LDTs, and 
personal LDTs on their own. The personal LDTs consistently had the weakest 
statistical results throughout, with a great deal of unexplained variation. 
The commercial LDTs were generally unrelated to the other categories' varia- 
tion and explanatory variables. 


The present structure implies that the personal LDTs desired stock must 
be derived as a residual, which is clearly less desirable than the ratio split 
function which was sought. Attempts to estimate an equation for the ratio of 
personal LDTs to automobiles were unsuccessful because of the difficulty in 
analyzing both trucks and cars on a more disaggregated basis with the same data 
set. There is a significant negative correlation, for instance, between full- 
size cars and personal LDTs. This will be pursued in future research. 


Following the estimation, the desired stock values were then trans- 
lated into time-series estimates, as in Mark I, where time-series were substi- 
tuted for the cross-sectional values of the right-hand side independent varia- 
bles. The personal vehicles desired stock and the commercial LDT desired stock 
were aligned with their actual stock values for 1976. The automobile desired 
and actual stocks were again assumed to be in equilibrium in 1972. Once again, 
income distribution was constrained to its 1968 and pre-1968 vaiue in order to 
prevent this saturation variable from having a positive effect on desired stock. 
The resulting values of desired (and actual) stocks are shown in Figures 3-1 
and 3-2. 


Figure 3-1 shows the automobile desired stock (AUTOSD) to be greater 
than the actual (AUTOSA) during the 1960s. It then becomes coincident from 
1971-1973, falling below the actual with the 1974-75 recession. A similar 
cyclical pattern follows for the personal vehicles desired stock (PERSD), which 
coincides (by assumption) with the actual (PERSA) in 1976. 


TABLE 3-1. DESIRED STOCK EQUATIONS 


lie Personal Vehicles 


In (KENDPV*A/NPTLD) = - 3.47081 
(-5.01546) 


+ 0.565735 In (RDIP4/NPTLD) 
(5.43852) 


- 0.419372 In (CPMPVCAP/PC) 
(-1.91571) 


+ 0.224497 (NCHOC/NCH) 
(3. 16087) 


- 0.312691 In (PER15 +) 
(-3. 34128) 


Re = 0.495 DW = 2.004 SEE = 0.068347 


(26 Automobiles 


In (KEND*A/NPTLD) = - 3.7628 
(-5.00215) 


+ 0.646989 In (RDIP4/NPTLD) 
(5.69864) 


- 0.385023 In (CPMTTCAP + TX/PC) 
(-1.64943) 


+ 0.281795 (NCHOC/NCH) 
3.68915) 


( 
- 0.382618 In (PER15 + ) 
(-3. 72906) 


Ro = 0.526 DW = 1.835 SEE = 0.073471 


TABLE 3-1. DESIRED STOCK EQUATIONS 


(Continued) 
3. Commercial-Use LDTs 
In (KEND*CT/NPTLD) = - 3.42604 
(-5.01546) 
+ 0.633354 In (YAC/YP$) 
(2.12316)  (CPMCVCAP/PC) 
+ 0.628733 In (RWMMVR/RWMMV) 
(-5.59545) 
- 0.644535 In (NPR6S + /NPR) 
(-3.04774) 
- 1.29221 (NCHOC/NCH) 
(-5. 59545) 
R= 0.764 DW = 1.646 SEE = 0.24024 


(All equations estimated over data for all states, excluding Oklahoma, Alaska, 
Hawaii, and Washington, DC) 
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Definitions 


KENDPV*A 


KEND*PT 
KEND*A 
KEND*CT 


NPTLD 

RDIP4 

where Y 
YP$ 
TXCP$ 
TRTOP$ 

PC 
CPMPVCAP 


non Wont td ob Wm ue Ww th om om om meow 


CPMTTCAP * TX = 


TABLE 3-1. DESIRED STOCK EQUATIONS 
(Continued) 


Stock of Personal Vehicles 

KEND*PT + KEND*A 

Stock of Personal-Use LDTs 

Stock of Automobiles 

Stock of Commercial-Use LDTs 

KEND*C1 + KEND*C2, where 1, 2 denote GVW Class 
Number of Licensed Drivers 

(o4Y chica) ot 62) 5 wl ¥),/PC 

YP$  - TXCP$ - TRICP$ 

Total Personal Income 

Personal Taxes 

Personal Transfer Payments 

State Cost of Living Index, 1976 U.S. Average = 1.0 
Capitalized Cost per Mile, Personal Vehicles 
(KEND*A * CPMTTCAP + TX + KEND*PT * CPMPTCAP) 
/KENDPV*A 

Capitalized Cost per Mile, Automobiles 


(distinguished from the Mark I version by the + TX, indicating that 
registration fees and personal property tax costs are included) 


CPMPTCAP 
CPMCVCAP 


CPMC1CAP 
CPMC1CAP 
NCH 
NCHOC 
PER15+ 
YAC 


RWMMVR 
RWMMV 
NPR65+ 
NPR 


nou ow ot 


Capitalized Cost per Mile, Personal-Use Trucks 
Capitalized Cost per Mile, Commercial-Use Trucks 
(CPMC1ICAP * KEND*C1 + CPMC2CAP * KEND*C2) / 

KEND * CT 

Capitalized Cost per mile, GVW Class 1 Commercial LDTs 
Capitalized Cost per mile, GVW Class 2 Commercial LDTs 
Number of Households, Total 

Number of Households, Outside Central City, in SMSA (Suburbs) 
% of Families with Income $15,000 or More, in 1975 
Personal Income Earned in Agriculture, Construction, 
Wholesale and Retail Trade, and Services 

Road and Street Mileage, Rural, in 1975 

Road and Street Mileage, Total, in 1975 

Population Aged 65 and Over 

Total Resident Population 
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FIGURE 3-1. DESIRED VS. ACTUAL STOCKS (Automobiles and Personal Values) 
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FIGURE 3 - 2 
WHARTON EFA MOTOR VEHICLE MODEL 
DESIRED VS ACTUAL STOCKS 
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FIGURE 3-2. DESIRED VS. ACTUAL STOCKS (Personal and Commercial LDTs) 
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Figure 3-2 shows that the personal LDT desired stock (PERTRD) is well 
above the actual (PERTRA), and, despite the very rapid stock increase during 
the 1970s, the proportional difference is still very large. The commercial 
desired and actual stocks, COMTRD and COMTRA, respectively, are proportionately 
closer, with slower growth rates during the 1970s. 


S4 NEW REGISTRATIONS 


The new registrations equations use the same approach as adopted in 
Mark I. The rate of new registrations, relative to last period's stock less 
current scrappage, is related to the ratio of desired to actual stock, the rate 
of change in real disposable family income, the rate of change in prices, and 
an auto strike dummy. For the commercial LDTs, the income term is defined in 
terms of the same economic activity variable (agricultural income, etc.) found 
Significant in the cross-sectional analysis. 


The equation results are given in Table 3-2. From a behavioral view- 
point, the major result is the weaker impact of the desired stock terms compared 
to previous results. Also, personal vehicles and commercial LDT equations have 
notably stronger income effects. Attempts to estimate a separate personal LDT 
equation were unsuccessful despite the reasonable values estimated for the de- 
sired stock. An equation was, therefore, estimated relating new registrations 
for cars relative to personal LDTs as a function of the relative desired stocks, 
rates of income change, and their relative capitalized costs per mile. Statis- 
tically, the results are strong, but the elasticities are unreasonably high. 

We are continuing to experiment with this approach. 


The cyclical nature of new registrations by category (automobiles: 
AUTONR; personal LDTs: PERSNR; commercial LDTs: COMMNR) can be seen in Figure 
3-3. With few exceptions, autos have the lowest growth rates, while personal 
LDTs have the highest. The surge in personal LDTs sales resulting from the in- 
troduction of several new models in the mid-1960s can clearly be seen. 
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TABLE 3-2. NEW REGISTRATIONS EQUATIONS 


lis Personal Vehicles 
In (OMVUPVNROK / (OPMVEPVYEND (-1) - SCMVUPV)) = 


- 2.62026 
(-26.8354) 


+ 1.09826 In (KEND*PV / (OPMVUPVYEND (-1) - SCMVUPV)) 
(3.94988) 


+ 5.55047 In (RDI / FM RDIP4 / FM) 
(6.10452) 


- 1.30338 In (PUTOTPVNRL / PUTOTPYNR (-1)) 
(-2.91235) 


- 0.369289 DUMAUTOS 
(-3.57047) 


Re = 0.846 pw a" 18562 SEE 
Period 1960 - 1976 


0.047235 


(ae Automobiles 
In (OMVUANR (OPMVUAYEND (-1) - SCMVUA)) = 


- 2.54817 
(-32.8001) 


+ 1.57795 In (KEND*AY / (OPMVUAYEND (-1) - SCMVUA)) 
(4.94024) 


+ 4.46552 In (RDI / FM / RDIP4 / FM) 
(4.87402) 


- 1.21568 In (PUTOTNRL / PUTOTNR (-1)) 
(-2.81217) 


- 0.35741 DUMAUTOS 
(-3. 3948) 


Re = 0.866 DW = 1.566 SEE = 0.048115 
Period 1960 - 1976 


TABLE 3-2. NEW REGISTRATIONS EQUATIONS 
(Continued) 


3% Commercial LDTs 
In (OMVUCTNBOK / (OPMVUCTYEND (-1) - SCMVUCT)) = 


im, 2s 10262 
(-13. 7336) 


+ 0.167762 In (KEND*CT / (OPMVUCTYEND (-1) - SCMVUCT) 
(1.28219) 


+ 7.32444 In (YAC / YP$ / YACP4 / YP$) 
(4. 38457) 


- 1.19021 In (PRCTPUTOT / PRCTPUTOT (-1)) 
(-1.60062) 


Ro = 0.567 DW = 1.195 SEE = 0.10164 
Period 1959 - 1976 


4. Autos / Personal Trucks 


In (OMVUANR / OMVUPTNROK) 


213.8977 
(-3.0621) 


+ 8.06846 In (KEND * AY / KEND * PT) 
(3.7527) 


- 24.7582 In (RDI / FM / RDIP4 / FM) 
(-4.9248) 


- 17.7954 In (CPMTTCAP + TX / CPMPTCAP) 
(-5.02622) 


Ro = 0.824 DW = 1.86 SEE “= "shOea5527 
Period 1960 - 1976 


Definitions 


OMVUPVNROK 
OMVUANR 
OMVUC TNR 
OMVUPTNR 
OPMVUPVYEND 
OPMVUAYEND 
OPMVUCT YEND 
SCMVUPV 
SCMVUA 
SCMVUCT 
KEND * PV 
KEND * AY 
KEND* CT, 
KEND) * PT 
RDI / FM 
RDIP4 / FM 


PUTOTPVNRL 


PUTOTNRL 
PUTOTPVNR 
PUTOTNR 
PRCTPUTOT 
DUMAUTOS 
YAC 


YACP4 
YP$ 


CPMTTCAP + TX 


CPMPTCAP 
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TABLE 3-2. NEW REGISTRATIONS EQUATIONS 


(Continued) 


New Registrations, All Personal Vehicles 
New Registrations, Automobiles 

New Registrations, Commercial LDTs 

New Registrations, Personal LDTs 

Year End Stock of Vehicles in Operation, 
Year End Stock of Vehicles in Operation, 
Year End Stock of Vehicles in Operation, 
Scrappage, Personal Vehicles 

Scrappage, Automobiles 

Scrappage, Commercial LDTs 

Desired Stock, Personal Vehicles 

Desired Stock, Automobiles 

Desired Stock, Commercial LDTs 

Desired Stock, Personal LDTs 

Real Disposable Income per Family 

Real Disposable Permanent Income per Family 
(.4RDI + .3-RDI eas -2RDI_, + -IRDI_, / FM) 


Total Purchase Price, Personal Vehicles, Weighted by 
Last Year's Vehicle Mix 

Total Purchase Price, Autos, Weighted by Last Year's 
Vehicle Mix 

Total Purchase Price, Personal Vehicles 

Total Purchase Price, Automobiles 

Total Purchase Price, Commercial LDTs 

Motor Vehicle Industry Strike Dummy 

Sum of Personal Income from Agriculture, Construction, 
Wholesale and Retail Trade, and Services 

Four Year Weighted Sum of Income from Agriculture, etc. 
Total Personal Income 

Capitalized Cost per Mile, Automobiles 

Capitalized Cost per Mile, Personal LDTs 


All Personal 
Automobiles 
Commercial LDTs 
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3.3 SCRAPPAGE 


The scrappage functions again parallel the approach used in Mark I. 
A notable difference lies in the sensitivities with respect to desired stocks 
being lower (in absolute terms). A dummy variable for 1973 was experimented 
with when scrappage was at an unusually high rate. The estimation results are 
presented in Table 3-3. The extremely cyclical nature of the historical data 
is clearly illustrated in Figure 3-4, where the overall scale runs between 
-30 percent to +50 percent for annual growth rates. 


3.4 VEHICLE MILES 


After extensive experimentation, the vehicle miles relationships shown 
in Table 3-4 are currently being used. These estimate urban miles of automo- 
bile travel per family, auto rural (non-urban) miles per family, personal LDT 
miles traveled per vehicle, and miles traveled per commercial LDT. Each equa- 
tion contains a real fuel cost variable (in 1972$ per mile.) The elasticities 
are: 


-.226 for rural auto mileage, 
-.261 for urban auto mileage, 
-.2/6 for personal LDT travel, and 
-.590 for commercial LDT travel. 


Although the last is rather high, the ranking and orders of magnitude are 
clearly appropriate. 


For urban auto miles driven, income per capita, weighted over three 
periods, and the stock of vehicles per family, weighted by the proportion of 
the population living in metropolitan areas, are included. A dummy for 1973-74 
was also included; its effect is quite small (-1.5 percent) and it is relatively 
insignificant. 


TABLE 3-3. SCRAPPAGE EQUATIONS 


1: Personal Vehicles 


In ((SCMVUPV 


Re = 0.916 


Period 1960 - 1976 


SCMVPVGIV) / (OPMVUPVYEND(-1) + OMVUPVNROK)) = 


7. 38438 

(-5.67406) 

0.869979 In (KEND*PV / 
(OPMVUPVYEND(-1) + OMVUPVNROK)) 
(-2.47045) 

0.168516 In (PUOLD / PSCRAPAV) 
(-2.95811) 

3.38872 In (AVAGEPV) 

(4.15645) 

0.402411 In (NRUT) 

(-5.08192) 

0.264277 DUMAUTOS 

(-3.17074) 

0.116095 DUM73 

(2.5919) 

3.342789 In (VMPV / K./ VMPV / K(-1)) 
(5.08436) 

3.65272 In (VMPV / K (-1) / VMPV / K (-2)) 
(4.90658) 

2.51009 In (VMPV / K (-2) VMPV / K (-3)) 
(3.45988) 


DW = 2.336 SEE = 0.0038617 


TABLE 3-3. SCRAPPAGE EQUATIONS 
(Continued) 


2. Automobiles 


In ((SCMVUA - SCMVAGIV) / (OPMVUAIEND (-1) + OMVUANR)) = 


- 7.20088 
(-5.5168) 


- 1.09537 
(~2.4753) In (KEND*AY / (OPMVUAYEND(-1 + OMVUANR)) 


+ 3.25543 In (AVAGEO-20) 
(4.04197) 


- 0.165658 In (PUOLD / PSCRAPAV) 
(-2.83204) 


- 0.423886 In (NRUT) 
(-5.01446) 


- 0.256622 DUMAUTOS 
(-2.98241) 


+ 0.119072 DUM73 
(2.60484) 


+19 3.55192 In (VMT /-K / WMT / K (=1)) 
(5.1658) 


+ 3.66214 In (VMT / K (-1) / WMT / K (-2)) 
(4.68848) 


+ 2.47816 In (VMT / K (-2) / VMT / K (-3) 
(3.28273) 


Re = 0.909 DW = 2.261 SEE = 0.039662 
Period 1960 - 1976 
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TABLE 3-3. SCRAPPAGE EQUATIONS 
(Continued) 


3 Commercial LDTs 


In (SCMVUCT - SCMVCTGIV) / (OPMVUCTYEND (-1) + OMVUCTNROK)) = 


= 18S762R7 
(-6. 24947) 
- 0.340035 In (KEND*CT / (OPMVUCTYEND (-1) + OMVUCTNROK)) 
(-2.54033) 
+ 3.08657 In (AVAGECT) 
(3.99875) 
+ 0.239848 In (VMCT /K / VMCT / K (-1)) 
(0.432125) 
+ 1.32409 In (VMCT / K (-1) / VMCT / K (-2)) 
(3.38861) 
+ 1.24414 In (VMCT K (-2) VMCT / K (-3)) 
(2. 72287) 
Re = 0.663 De lead SEE = 0.050876 


Period 1959 - 1976 


Definitions: 


TABLE 3-3. SCRAPPAGE EQUATIONS 
(Cont inued) 


(See also tables 3-1, and 3-2) 


SCMVPVGIF 


SCMVAGIV 


SCMVCTGIV 


SCMVUPV 
SCMVUA 
SCMVUCT 
PUOLD 
PSCRAPAV 
AVAGEPV 
AVAGE0-20 
AVAGECT 
NRUT 
VMPV / K 
VMT / K 
VMCT / K 


"Given" Scrappage of Personal Vehicles, 
i.e., Stock Over 20 Years Old 


"Given" Scrappage of Autos, i.e., Stock 
Over 20 Years Old 


"Given" Scrappage of Commercial LDTs, 
iee., Stock Over 30 Years Old 


Total Scrappage, Personal Vehicles 

Total Scrappage, Automobiles 

Total Scrappage, Commercial LDTs 

Weighted Average Old Used Car Price 

Scrap Metal Price Index 

Weighted Average Age of Stock, Personal Vehicles 
Weighted Average Age of Stock, Automobiles 
Weighted Average Age of Stock, Commercial LDTs 
National Unemployment Rate 

Total Miles Traveled per Vehicle, Personal Vehicles 
Total Miles Traveled per Vehicle, Automobiles 
Total Miles Traveled per Vehicle, Commercial LDTs 


AUTOSCR PERSSCR COUMSSR 
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TABLE 3-4. VEHICLE MILES TRAVELED EQUATIONS 


NG Urban Auto 
In (VMTU* / FM) = 


= 93.2253 
(-6. 92959) 


- 0.26090 In (PURG / 100 / AVMPGCVINT / (PC / 125.3)) 
(-4.59022) 


+ 0.826974 In (NPMET* KMID / FM) 
(6.0586) 


+ 0.513113 In (.25*RDI / NPT +.5*RDI/NPT(-1) + .25*RDI / NPT (-2)) 
3.44776) 


( 
- 0.0152489 DUM73.74 
(-1.43686) 


Re = 0.994 DW = 2.416 SEE = 0.012536 
Period 1960 - 1976 
ide, Rural Auto 

In (VMTR* / FM) = 


- 3.08461 
(1.86447) 


- 0.225772 In (PURG / 100 / AVMPGHVINT / (PC / 125.3)) 
(-2.58194) 


+ 0.113014 In (PER15+) 
(7.73549) 


+ (0.56761 In (RWMMVI / RWMMV) 
(1.67354) 


- 0.0339641 DUM74 
(-1.82574) 


Ro = 0.903 DW = 2.552 SEE = 0.014698 
Period 1960 - 1976 


TABLE 3-4. VEHICLE MILES TRAVELED EQUATIONS 
(Continued) 


Si Personal LDTs 


In (VMPT / K) = 


Re = 0.984 
Period 1963 - 


1.63987 
(-4. 34141) 


0.275636 In (PURG 100) / AVPTMPGVINT (PC 125.3)) 
(-9. 27533) 


0.0602594 In (PERI5+) 
(3.07526) 


0.673735 In (NPMET) 
(7.21443) 


0.0179361 DUM 73.74 
(-2.98287) 


DW 2.048 SEE = 0Q.0067661 


1976 


4, Commercial LDTs 


In (VMCT / K) = 


Re = 0.889 
Period 1960 - 


3.80197 

(-7. 44286) 

0.58952 In (PURG / 100 / AVCTMPGVINT / (PC / 125.3)) 

(-5.49224) 

2.67362 In (.25*YAC / YP$ +.5*YAC / YP$ (-1) + .25*YAC / YP$(-2)) 
(9.04371) 

0.056751 DUM 73.74 

(-2.14489) 

DW = 0.92 SEE = 0.028103 

1976 
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TABLE 3-4. VEHICLE MILES TRAVELED EQUATIONS 


(Continued) 
Definitions: 
(See previous Tables) 
VMTU* = Auto Vehicle Miles, Urban Travel 
VMTR* = Auto Vehicle Miles, Rural Travel 
VMPT = Total Vehicle Miles, Personal LDTs 
VMCT = Total Vehicle Miles, Commercial LDTs 
PURG = Retail Price of Regular Gasoline, ¢/gallon 
AVMPGHVINT = Fleet Average Fuel Economy, Automobiles, City 
AVMPGCVINT = Fleet Average Fuel Economy, Automobiles, Highway 
AVPTMPGVINT = Fleet Average Fuel Economy, Personal LDTs 
AVCTMPGV INT = Fleet Average Fuel Economy, Commercial LDTs 
FM = Number of Family Units 
NPMET = % Population Living in Metropolitan Areas 
KMID = Mid-Year Stock of Automobiles 
PC = Consumer Price Index, 1967=100 
RWMMVI = Roadway Mileage, Interstates 
RWMMV = Roadway Mileage, Total 
PER15+ = 4% of Families with Income Over $15,000 in 1970$ 
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For non-urban auto driving, income distribution was found to be the 
appropriate variable, possibly reflecting leisure and recreational usage. 
Also, interstate highway roadway mileage relative to the total has a positive 
impact. A more significant dummy variable effect was found for 1974. These 
parameter estimates suggest that non-urban driving will continue its past 
decline relative to total travel. 


For personal LDIs, the expected positive impact from income distribu- 
tion was found, as well as a very significant positive effect from urban pop- 
ulation. This may reflect their increasing purchase for recreational/leisure 
purposes by people in urban areas. 


The commercial LDTs usage is strongly linked to the economic activity 
variable (agriculture, trade, etc.) found to be a significant factor affecting 
desired stock and sales. Again, this is expressed as a weighted sum of the 


last three years values. 


3.5) PURCHASE PRICES 


New base purchase price equations were estimated for automobiles, per- 
sonal LDTs, and commercial LDTs. Each is linked to our index of input costs, 
an I/0 coefficient weighted combination of all industry inputs. In performing 
the estimation for automobiles, a significant shift in behavior was discovered 
when estimating over 1964-76 (the estimation period for LDT prices). A sig- 
nificantly higher elasticity than in the 1959-76 period was also found. These 
elasticities range from 1.15 to 1.19; i.e., base prices increase from 15 percent 
to 19 percent more rapidly than input costs. (See Table 3-5.) 


TABLE 3-5. PURCHASE PRICE EQUATIONS 


ls Autos 
In (USTDPUBASEFW) = 


2.65967 
(17.1025) 
+ 1.18584 In (PINPUTA) 
(35.0005) 
R? = 0.990 DW = 1.714 


Period 1964 - 1976 


(Bc Personal LDTs 


In (PRPTPUBASE) = 


2. /6606 
(10.4177) 
+ 1.14779 In (PINPUTA) 
(19.8420) 
Re = 0.971 DW = 2.013 
Period 1964 - 1976 
She Commercial GVW Class 1 LDTs 


In (PRCIPUBASE) = 


2.71698 
(10. 7623) 
+ 1.15223 In (PINPUTA) 
(20.9495) 
Re = 0.973 DW = 2.331 


Period 1964 - 1976 
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SEE 


SEE 


SEE 


0.0191 


0.027470 


0.026119 


TABLE 3-5. PURCHASE PRICE EQUATIONS 
(Cont inued) 


4, Commercial GVW Class II LDTs 
In (PRC2PUBASE) = 


2.79335 
(11.0091) 
+ 1.16446 Ln (PINPUTA) 
(21.0652) 
Ro = 0.974 DW = 2.251 SEE. =" 0.026251 
Definitions: 
USTDPUBASEFW = Fixed-Weighted (1972) Average Domestic 
Auto Base Purchase Price 
PINPUTA = Index of Input Prices, Weighted by 1972 
Industry I/0 (Column) Coefficients, 1972=100 
PRPTPUBASE = Personal LDT Base Purchase Price 
PRCIPUBASE = Commercial GVW 1 LDT Base Purchase Price 
PRC 2PUBASE = Commercial GVW 2 LDT Base Purchase Price 


3.24 


4. FORECAST RESULTS 


4.1 ASSUMPTIONS 


The economic inputs utilized for this forecast come from the Wharton 
Annual Model Control Forecast of September, 1978. Important macroeconomic 
assumptions are: 


(1) Demographic 


Higher population growth projections, as estimated in 
Current Population Report P-20, Series B-II, Bureau of 
the Census, July 1978. The Annual Model and the Motor 
Vehicle Model are consistent in utilizing these projec- 
tions for total population, family formation, and age 


distribution.-/ 


(2) Fiscal _and Monetary Policy 


An income tax cut of $16 billion is assumed, effective 
January 1, 1979, with a further cut of $16 billion in 
1980. The federal deficit was projected at $26 billion 
in 1979 and $40 billion in 1980, with defense expendi- 
tures rising only slightly in real terms, while non- 
defense expenditures (in 1972$) increase by over 7 per- 
cent per year in 1979-80. Monetary policy is relatively 
restrictive, with negative free reserves through 1980 
and a discount rate assumed to rise to 7.45 percent by 
1981. 


Ypetails are shown in Table 17 of the Forecast Tables, Appendix B. 
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(3) Energy Trends 


The final energy bill was assumed to include the tax 
credits for conservation measures, and for investment 

in co-generation and energy conserving equipment, plus 
the increase in the interstate natural gas ceiling price 
and "new gas" deregulation. Crude oil imports prices 
were assumed to rise by 6.5 percent and 7.4 percent in 
1979-80, and 5.5 percent thereafter. Alaskan production 
is assumed to rise to 1.2 million bbls/day in 1979 and 
2.0 million bbls/day in 1980. 


Since these assumptions were made, national economic policy has pursued 
greater fiscal and monetary restraint, and OPEC prices have been increased ex- 
tremely rapidly in 1979. Hence the cyclical and long-term pattern of the fore- 
cast can be expected to shift significantly. 


Key assumptions specific to the Motor Vehicle Model are: 
(1) Autos Fuel Economy 


The annual CAFE requirements through 1985 are met without 
substantial market distortions. In order to accomplish 
this, a "downsizing" program by class of car through 1985, 
along with assumed technical efficiency gains in fuel 
economy due to electronics, dieselization, transmission 
improvements, varying displacement engines, etc. has been 
projected. The 1985 curb weights for domestics are about 
20 percent below their 1978 levels, engine displacements 
are reduced 30-40 percent, while the efficiency gains in- 
crease "on the road" mpg's by 18 percent compared to 1978.2/ 
No further mpg improvements are projected after 1985. 


1/These assumptions are shown in detail in Tables 20, 21, and 22 of the Fore- 
cast Tables, Appendix B. 
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(2) LDT Fuel Economy 


Compliance with the recently announced LDT CAFE standards 
through 1982 is assumed, with no change projected there- 
after. The new vehicle "on the road" mpg projections for 
1982 are: 


Personal LDT (MPGPT) 15.48 (+ 41% over 1977 level) 
Commercial GVW1 (MPGC1) 16.20 (+ 41% over 1977 level) 
Commercial GVW2 (MPGC2) 12.71 (+ 19% over 1977 leve1)L/ 


(3) Imports 


To account for Volkswagen of America production and loss 
of "captives," imports subcompacts will be reduced some 
250,000 units below what they would otherwise have been. 
Domestic sales are correspondingly increased. 


(4) Air Bags 


It has been assumed that air bags will be required to 
meet the passive restraint safety standards coming into 
effect in the 1982-84. This has a significant impact 
Since this adds about 3.5 percent to base purchase 
prices for each vehicle class. This is a pessimistic 
assumption insofar as automatic safety belts, etc., may 
be found to be an effective and cheaper alternative. 


i Assuming that over half the commercial GVW2 LDTs are unaffected by the 
standards, due to being over 8,500 Ibs. Annual values are given in Table 
32.10 of Appendix B. 
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4.2 SUMMARY OF RESULTS 


General economic trends of importance are the lack of growth in real 
disposable family income and the surge in inflation in the 1979-81 period. Af- 
ter 1981 real income per family averages 1 percent per annum growth, while the 
consumer price index grows by over 5.8 percent on average (Figures 4-1 and qe et 


1978 is a record year for total new registrations of cars and light 
trucks, with 14.7 million vehicles, 11 million of these being autos and vans 
registered as autos. This is very close to our 1976 forecast. The 1979-81 
period shows weak demand, with 1981 sales being only 1.6 percent above 1978. 
Recent events will undoubtedly lead to a much more significant sales decline in 
1979-80. There is a strong recovery cycle in 1982-84, followed by a downturn 
in 1985-86, with sales recovering moderately thereafter. The overall average 
annual rate of growth, 1978 to 1988, is 2.1 percent. 


The growth rates in Figure 4-3 show that personal LDT sales continue 
to lead the market, although at somewhat slower rates than in the past. The 
1988 peak of nearly 3 million new registrations represents an annual average 
growth rate of 6.2 percent. In contrast, automobile sales register sharper de- 
clines in 1979 (down 2.6 percent) and 1985 (2.2 percent), averaging only 1 per- 
cent per annum growth over the next decade. The outlook for commercial LDTs 
parallels the personal truck pattern but is weaker, especially during periods 
of economic weakness. The overall growth averages 3.3 percent per year. 


The growth of vehicles in operation, year-end (Figure 4-4) parallels the 
new registrations trends. The 1978 total is estimated to be 129.3 million, with 
101.3 million cars (78 percent), 18.6 million commercial LDTs (14 percent), and 
9.5 million personal LDTs (7 percent). By 1988 total vehicles are projected to 
reach 172.2 million, an average annual growth rate of 2.9 percent, slightly below 
the 1968-78 rate of 3.8 percent. Of this total, 69 percent will be cars (1.6 
percent annual growth), 13 percent will be personal LDTs (9.2 percent per annum), 
with commercial LDTs accounting for 18 percent (5.2 percent per annum). \ 


"see Table 18, Appendix B, for details of economic trends. 
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FIGURE 4-1. FORECAST, REAL DISPOSABLE INCOME PER FAMILY 
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FIGURE 4-4. FORECAST, VEHICLE STOCKS 
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A major factor acting to slow growth below historical trends is the 
high growth of purchase prices. Figure 4-5 shows that prices increase annually 
9 percent or more through 1982. While growth rates thereafter trend downwards, 
the increases continue to exceed the general inflation rate. 


From the viewpoint of assessing current and future policy the key ques- 
tion is the projection of fuel consumption. There are three components: the 
change in the vehicle stock, the change in miles driven per vehicle, and the 
change in fleet average fuel economy. Miles driven per vehicle (Figure 4-6) by 
personal LDTs grow most rapidly at just under 0.7 percent per year with autos 
a close second, averaging over 0.5 percent. Commercial LDTs are the slowest, 
with miles per vehicle growing by just over 0.3 percent per year. 


Combining the above trends with the vehicle stock projections, total 
miles driven by all cars and light trucks grow from an estimated 1.4 billion 
miles in 1978 to over 2 billion by 1988, a 3.5 percent growth-rate. In fore- 
casting average fuel economy for each vehicle, mpg is estimated for each vin- 
tage, and hence changes in the fleet average will depend upon the new vehicle 
mpg, the sales rate, and the scrappage rate. We have projected design parame- 
ters for automobiles that imply compliance with the CAFE standards for the in- 
dustry as a whole. Hence, the autos fleet average grows rapidly, especially 
from 1982 onward, averaging 3.5 percent per year for the 1978-88 period. The 
current standards for LDTs have been incorporated without any extensions beyond 
1982. On this basis, the personal LDT fleet average grows by 2.5 percent per 
year, while commercial LDTs register a 1.5 percent rate (Figure 4-7). 


As a result of these trends total fuel consumption by all cars and 
light trucks continues to grow throughout the forecast period (Figure 4-8). 
The average growth rate is 0.8 percent; however by 1988 the annual increase is 
only 0.3 percent. The trends by vehicle type are, of course, quite divergent. 
Fuel consumption by automobiles begins to decline significantly in 1981. By 
1988 consumption is down 10 billion gallons from the 1978 estimate, an average 
annual decline of 1.2 percent. Fuel consumed by LDTs, on the other hand, in- 
creases by 19 billion gallons over the decade, increasing at a 5.4 percent rate. 


A general summary of key results is given in Table 4-1. 
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FIGURE 4-8. FORECAST, FUEL CONSUMPTION 


TABLE 4-1 
FORECAST RESULTS SUMMARY 


Note: Annual average growth rates for 1978-1988, 
vs. historical values, 1968-1978, given in % 


Personal Commercial 
Automobiles LDTs LDTs 

Mid-Year Stock 1.6 . (229) 9271437) 5.4 (6.9) 
Miles per Vehicle 0..5"°(02:5) Os7: (OG) 02:3) 7 (019) 
Fuel Economy 375 (= 02d) 205) (020) PS (= O01) 
Fuel Consumed =1.3, (3.5) 7e7-(15.4) A 2e (59) 
Purchase Prices 831, (6.4) 8.0 (6.4) Sel (658) 
For reference purposes: 

Consumer Prices 66.5.) (1665) 

Fuel Price : 6.8 (6.8) 


All Vehicles 


3.0 (3.9) 


0.5 (0.5) 
2.7 (20.18) 
0.8 (4.9) 


Se SIMULATION ANALYSIS 


The simulations reported here are initial experiments with the current 
model. Therefore, some of the results summarized in the following sections and 
the detailed results contained in Appendix B are subject to change as anomalous 
results are identified and corrected. All of the input changes occur in 1980, 
except for the Extended Truck MPG Standards, and are a shift in the level of 
the value (as opposed to a continuing change in the rate of growth). Hence, 
short-term and long-term impacts are very different, and it is primarily the 
5 year and 10 year changes that are reported here. 


5.1 2% INCREASE IN PERSONAL INCGME % DIFFERENCE FROM CONTROLL/ 

New Registrations: Autos e350 (1980) 
Personal LDTs 15.60 
Commercial LDTs 15297 

Mid-Year Stock: Autos 0.62 (1985) 
Personal LDTs 4.48 
Commercial LDTs o202 

Miles per Vehicle: Autos 0.58 (1985) 
Personal LDTs 0.60 
Commercial LDTs 5.23 

Fleet Average MPG: Autos -0.12 (1985) 
Personal LDTs 0532 
Commercial LDTs 0.22 

Fuel Consumed: Autos 131 (1985) 
Personal LDTs ew Ey 
Commercial LDTs SalZ 
Total Fuel oeee 


Ly The Control Forecast used for these simulations is slightly different from 
the forecast described in Section 4. Hence the tables in Appendix B do not con- 
tain the same "Control" results as those in Appendix C. 
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The sales impacts are.a short-run response with rapid decay; since 
scrappage also rises, the stock effects are less dramatic. In addition to 
increasing personal income by 2 percent, the ratio of income earned in agri- 
culture, etc., relative to the total was also raised 2 percent; hence the 
large impacts for commercial LDTs. 


Bic 5% INCREASE IN TRUCK PRICES % DIFFERENCE FROM CONTROL 

New Registrations: Personal LDTs -6.22 (1980) 
Commercial LDTs -5.27 

Mid-Year Stock: Personal LDTs -1.15 (1985) 
Commercial LDTs ~0.97 

Cap. Cost per Mile: Personal LDTs uel, (1985) 
Commercial GVW1 1.96 
Commercial GVW2 1.78 

Fuel Consumed: Personal LDTs Be eg (1985) 
Commercial LDTs -0.94 
Total Fuel -0.35 


The only deficiency in the current system is the lack of impact on autos, which 
‘a priori’ might occur with a truck price change. 


5-2 


5.3 10% INCREASE IN GASOLINE PRICES % DIFFERENCE FROM CONTROL 


Mid-Year Stock: Autos -0.47 (1990) 
Personal LDTs -0.40 
Commercial LDTs 0.23 

Cap. Cost per Mile: Autos 1.21 (1990) 
Personal LDTs 1.44 
Commercial GVW1 letd 
Commercial GVW2 Ceoo 

Miles pen Vehicle: : Autos -2.2/ (1990) 
Personal LDTs -2.60 
Commercial LDTs -5.46 

Fuel Consumed: Autos -2.74 (1990) 
Personal LDTs -2.9/7 
Commercial LDTs ~-5.24 
Total Fuel -3.40 


A problem with this simulation is that scrappage falls an unlikely amount in 
response to the VMT changes, which caused the perverse commercial stock 
response. 
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5.4 EXTENDED TRUCK MPG STANDARDS #% DIFFERENCE FROM CONTROL 


Mid-Year Stock: — Personal LDTs 0.62 (1985) 
Commercial LDTs 0.23 

Mid-Year Stock: Personal LDTs -0.09 (1985) 
Commercial LDTs 0.04 

Cap. Cost per Mile: Personal LDTs -2.35 (1985) 
Commercial GVW1 -2./0 
Commercial GVW2 -2.46 

Miles per Vehicle: Personal LDTs 2276 (1990) 
7 | Commercial LDTs 4.14 

Fleet Average MPG: Personal LDTs 10.37, (1990) 
Commercial LDTs Teli2 

Fuel Consumed: Personal LDTs -7.58 (1990)+ 

Commercial LDTs -2.92 
Total Fuel -1.98 


New truck mpgs were increased after 1982, as follows: 


1982 1983 1984 1985 on 
Personal 15.48 16.48 17.48 18.48 
Commercial GVW1 16.20 17.20 18.20 19.20 
Commercial GVW2 12.71 13321 13.71 14.21 


The simulation does not incorporate the higher LDT prices that presumably 
would result from these mpg improvements. Again, the stock values may be 
too low if the impacts of VMT changes are overstated, since the capitalized 
cost per mile have relatively weak impacts. 
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APPENDIX A 
LDT CLASSIFICATION BY TYPE 


Personal-use LDTs comprise: 


(1) Passenger vans included in automobile registrations: Voyager, 
Sportsman, Club Wagon, Sportvan, VW Bus. 


(2) The following GVW Class 1 and 2 truck models (1977): 


Chevrolet Vans, El Camino, LUV, Suburban, Blazer 
Dodge Vans, Trail Duster, Ramcharger 

Ford Econoline, Ranchero, Bronco, Courier 

GMC Vandura, Suburban, Jimmy, Sprint 
International Scout 

Jeep CJ5, CJ7, Commando 

All imports 


Commercial use LDTs comprise all other GVW1 and 2 trucks, almost all 
of these being pick-ups, with a few panel vans and multi-stops. 
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APPENDIX B 
FORECAST RESULTS TABLES 


THE WHARTON EFA MOTOR VEHICLE DEMAND MODEL 
CONTROL SOLUTION, NOVEMBER, 1978 
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APPENDIX C 
SIMULATION ANALYSIS TABLES 


2 Percent Increase in Personal Income 
5 Percent Increase in Truck Prices 

10 Percent Increase in Gasoline Prices 
Extended Truck MPG Standards 
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APPENDIX D 
REPORT OF NEW TECHNOLOGY APPENDIX 
Contract DOT-TSC-1435 


The Wharton EFA, Inc. Motor Vehicle Demand Model 


The work performed under this contract has not led to any new inven- 
tions. The resulting econometric model is, however, both innovative and 
state-of-the-art. It provides long-run policy analysis and forecasting of 
annual trends in the U.S. motor vehicle market, given various policy options 
and alternative socio-economic futures. 
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